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ABSTRACT 

Landsat-D, sdteduted fot launch in July 1982, will cany a Multiq>ectial Scanner Subsyston 
(MSS) similar to that flown on earlier mioions, as well as a new multiqiectral scanner calkd flie 
Thematic Mapper (TM). The IM will (rffer improvements over the MSS with respect to spectral, 
spatial, and n^^ometric duracteristics. In preparation for the deliveiy of actual TM data, exten- 
sive research has been cmiducted using simulated TM data. A review of this research led to the 
following conclusions: TM*s improved radirrnietiic resolution win be a valuable sensor attribute; 
the availability of spectral bands from each portion of the reflective qjiectrum (visiUe, near-infrared, 
middle<infraied) wiU be very usefril; and TM’s finer ^atial resolution will enable die identification 
of smaUer ^atial features, but research will be needed to develc^ improved classifiers vdikh take 
frill advantage of finer ^atial resolutiott data. In general, the reviewed research indicates that the 
cdlective effect of die TM*s improvements will be an increase in the content and utility of infor- 
mation extracted from TM data when compared to informadon derived from MSS data. 


PRECEDING PAGE BLANK NOT FAMED 


CONTENTS 


Hr 

ABSTRACT Hi 

INTRODUCTION 1 

BACKGROUND 1 

TM DATA SIMULATION 5 

METHODS OF EVALUATING INFORMATION EXTRACTED FROM SIMULATED 

TMDATA 8 

LITERATURE REVIEW 9 

Agriculture 10 

Forestry 24 

Land cover Mq>ping 27 

» CONCLUSIONS 30 

/ 

RECOMMENDATIONS 33 


PRECEDING PAGE BLANK NOT FILMED 


V 


LIST OF TABLES 


Table Page 

1. Landaat-D Eartii-Obaenrinf Instrumentation 

(Salomonson et. al., 1980) 2 

2. Rationale and Applications for TM ^ctial Bands 

(Blanchard and Weinstein, 1980; Salomonson et. al., 1980) 4 

3. Significant TM Parameten 

(Engel, 1980) 6 

4. TM Mission Requirements 

(Manchard and Weinstein, 1980) 7 

5. Coefficients of Determination (r^) Values Resulting from the 

Regressions Between Integrated Radiance and the Canopy Variables 
(•Dicker, 1978) 13 

6. CbefOcients of Determination (r^) Values Resulting from the 
Regression Between the Spectral Variables for Five Solar Zenith 
Angles and Leaf Water Content for the September 1971 Data 

(Dicker, 1980) 14 

7. Predicted Production Forecast Error for U.S. Wheat 

((jenerai Electric, 1977) 20 

8. Cmnpaiison of Qassifkation With and Without Thennal Band - No 
Misregistration 

(Swain, 1980) 22 

9. Area Mensuration Accuracies for Surface Mine Categories 

(Irons et. al., 1980) 30 


PRECEDING PAGE BLANK NOT FILMED 


LIST OF FIGURES 


Rj»» P»i» 

1 Proportion of a Crop in Pure Pixels as a Functkm of Sensor Res^ution 

for ttw U.S. Ckeat Plains (Fitts and Badhwtr, 1980). 12 

2 Mensuration Accuracy Versus Resolution (Moifenstem et. al., 1976). 17 

3 Oassification Accuracy Venus Radiometric Sensithrity (Morgenstem 

et al.. 1976). 19 

4 Oassification Accuracy Versus Misregistration (Swain, 1980). 21 

5 Oassification Accuracy Versus Added Noise Using a Spatial/Spectral 
Qassifier or a Per Point Maximum-Likeliliood Oassifier (Landgrebe 

et al.. 1977). 23 

6 Classification Acciuracy Versiu ^atial Resolution for Forest Categories 

of a Detailed Local Survey (Sadowski and Samo, 1976). 25 


PRECEDING PAGE BLANK NOT RLMEO 


ix 


UST OF ACRONYMS 


AgRlSTARS 


Africultunl and Reiource Inventory Surveys Throuf^ Aerospace Re 
Sensing 

CORSPERS 

— 

Committee on Remote Sensing Progress for Earth Resources Survey 

ERIM 

— 

Environmental Research Institute of Michigan 

FSS 

— 

Field S^>ectRmieter System 

GSFC 

— 

Goddard Space FUght Center 

IFOV 

— 

farstantaneous Field of View 

LAS 

— 

Landsat'D Assessment System 

MSS 

— 

Multispectral Scatuier Subsystem 

M^S 

— 

Modular Multivectral Scanner 

MTF 

- 

Modulaticm Transfer Function 

NASA 

- 

National Aeronautics and Space Administration 

RBV 

— 

Remote Beam Vidicon 

SPOT 


Systems Probatoire d’Observation de la Terre 

TM 

— 

Thematic Mapper 


PRECEDING PAGE BLANK NOT FttJIED 


SUMMARY OF RESEARCH ADDRESSING THE POTENTIAL UTILITY OF THEMATIC 
MAPPER DATA FOR RENEWABLE RESOURCE APPUCATIONS 


INTRODUCTION 

Laiidiat<D, tin fourth in a MiiM of atolUtM dedicated to Earth mooted <Aearvations, is 
sdiedukd for laundi in die diird quarter of 1982. In addition to a hhiltiqiectrM Semner Sub- 
system (MSS) similar to the instruments aboard the first dues Landaat ute llites, Landsat<0 will 
cany a new sensor, the Thematic Mapper (TM). The TM is also a multi^iectril scanner, but this 
new ittstiument wfll offer inqirovenients over the MSS with respect to spectral, spatial, and radio* 
metric diaracteristics. Tne characteristics of the two instruments are summarized in Table 1. 

A msjor o bj e c tiv e of the Landsat-D program, cmiducted by the National Aeronautics and 
Space Administration (NASA), is to assess the capability of the TM and associated support systems 
to provide improved information for Earth resources management. In preparation for the delivery 
of actual TM data, extensive research hm been conducted using simulated TM data. The ofaijectives 
of such research have been to familiaiire investigators with TM-4ike data, develop analysis tech- 
niques ediich can take ftill advantage of the sensor’s improvements, and evaluate the potential 
utility of TM data fm specific applications. Results of investigations ccmducted since 197S are 
summarized in this document to provide guidance to the initial users of TM data in such matten 
as analysis techniques and potential applications. 

BACKGROUND 

The development of the Landut-D program in general, and the TM in particular, began for- 
'mally in 1970 when an in-house working group at NASA’s Goddard Space Fli^t Center (GSFC) 
Initiated piannii^ for Earth observation sateUite systems to follow the first series of Landsat satel- 
lites (GSFC, 1971). The final configuration of the program and instrument evolved from a subse- 
quent progression of study efforts and adviseny groups representing all facets of the remote sensing 
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Tabic I. Lwidnt-O Earth-Obcenring InstninicnUCion (Salomonaon ct. al.. 1980). 
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community. The ttuditi and groupt rtcommcadtd confifuratkMu on ttM baiia of uatr taiformt’ 
tkm and parformance aatdt. dit tochnieal ftailMUty of lytttm bardwara conmonninta with uatr 
needs, economic coats and benefits, lecoinitioa of ^ace Shuttle capabilities, and experience in 
the acquisition and analysis of data ftom sensois aboard Landsat 1, 2, and 3, Skylab, and aircraft. 
Salomonson et al. (1980) provide an overview of the Lan<bat*D propam vdiich emeiisd from 
the development efforts. 

Ihe Lsndsat-D satellite wiU be launched from the Western Test Ranfe in Cslifoniia during 

« 

early July of 1982. Hie spacecraft will be launched into a sun<ynchronous, near-polar oririt with 
a 98.22 degree inclination to the equatorial plane and a nmninal altitude of 70S kilometers. On 
each descending (nt^th-to-eouth) daylight pass, the satellite will cross the equator at approximately 
9:45 ajn. solar time, and the orbit cycle will repeat in a manner which enables the remote sensing 
instruments to view a particular ground swath (Mice every 16 days. The spacecraft’s instrument 
payload will consist of a four charuiel MSS and the seven channel TM. 

The TM is a nadh^p<rintiiig, electro-optical scaiming radiometer. It will sense energy within 
seven distinct spectral bands of the visible, reflective infrared, and thermal infrared portions of the 
qpectrum. Table 2 summarizes the principal applicati(Mi for which each band is intended. The 
sensor will view the Earth’s surface through s scan angle of 15.4 degrees (± 7.7 ctegrees from nadir) 
which will result in die imaging of a 185 kilometer wide swath across the satellite’s flight path 
given the nominal 705 kilometer altitude. The altitude, the design of the instrument’s optics, and 
the size of the photosensitive detectors will produce a 30 meter ground resolution (a 30 meter4)y* 
30 meter instantaneous^ld-of-view) for the visible and reflective infrared spectral bands and a 
120 meter resoluti<xi for the thermal infrared band (TM6). The electric signal from each detector 
will be sampled once per irutantaneous-field-of-view (IFOV) and will be quantized to 256 digital 
levels. The radiometric sensitivity of the entire system in terms of noise equivalent change in re> 
flectance or temperature will range from 0.5 to 2.4 percent depending on the spectral band (Ta> 
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Table 2. RatkMiale and AppHcatkma for TM Spectral Bands (Blanchard and Wetantein, 1980; Salonioiiaoa et. al., 1980). 
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bit 1). TiUdt 3 liMs rigiriflfiint TM dianctnittlQt and Ttblt 4 pittenti instniment perfornianot 
f t qui ttim a tt. Eapl (1980) deteribtt the TM conOfuntton and perfocmanct iptdficatioiii in 
peater detail. 

TM DATA SIMULATION 

The data uied to simulate TM dati were derived from a variety of sources. For investigatiORS 
adiieh did not require digital image data, non-imi^dng ^ectrometers and radiometen have been 
enqdoyed in the laboratory and the field. In some cases, spectrometers sudi cs die Field l^>ectro* 
meter System (Bauer, et. al., 1979) sensed energy within narrow spectral bands and data firm) ad* 
Jacent bands were integrated over die appropriate intervals to measure the energy within the TM 
bands. Other instruments, such as the hand<held radkmieter described by Tucker, et. al. (1981), 
were filtered specifically for sensing widiin TM bands. 

Aircraft multispectral scanner data have frequently been used to simulate TM digital image 
data. NASA operates three aircraft-borne multiq)cctril scanners designed for sensing within the 
TM spectral bands. An ei^t*channel scaimer called the NS0014fS (Richard, et. al.. 1978) has 
been down aboard a C130 aircraft at altitudes of 3,000 to 6,000 meters since 1978. In addition 
to the seven TM bands, the NSOOl-MS records data for a l.OO-to-1.30 micrometer Qan) wave* 
lengdr band, and two temperature-controlled Uackbodies and an integrating sphere provide in- 
flight calibrated reference sources which are sampled once per scan line. NASA’s National Space 
Technology Laboratory/Earth Resources Laboratory hu flown a modified Texas Instrument’s RS- 
IS multispectral scanner aboard a (jates Leaijet aircraft at altitudes near 12,000 meters since 1980. 
NASlA’s Ames Research Center operated a modified Daedalus DS-1260 multispectral scanner aboard 
an ER-2 aircraft at 18.000 meters during 1982. All of these sensors acquire data for all seven TM 
bands and quantize the data to 2S6 digital levels (ei^t bitt) as will the TM. The NS001*MS is the 
only one of the three scanners which acquires in-flight calibration data for the reflective spectral 
bands. Over the years, investigators have also used data from a variety of other airborne multispec- 
cral scanners, with diverse spectral characteristics, for TM data simulation. 


5 



Orbit 


Scan 


Optkt 


Signal 


Tabla 3. Slpiificaat TM Paiamataia (Sagal, 1980). 


Sun Synchronous 
7053 km Altitude 

98.9 min Feriod 
98.2 Inclination 

16 Day Repoat Cyde 

185 km Swath 
7.0 Ht Rite 
85% Effidancy 
± 7.7 dagiaat fiom nadir 

40.6 cm Aperture 
f/6 a^ Prime Focus 
423 imd IFOV, Bands M 
f/3 at Relay Focus 
433 load IFOV. Bands 5.7 
170 find IFOV. Band 6 

52 kHz. 3 db. Bands 1-5.7 
13 kHz. 3 db. Band 6 
1 Sample/IFOV 
8 Blts/Sample 

84.9 Mbps Multiplexed Output 
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TaUt 4. til Wmion lUqiiiniiiMiti (Blanehaid and Wdtotain, 1980). 


Squnt^Wave RaqpoMe 
Bands 1 to 5,7 
Bum16 

BandHo-Band Registiation 
Scan Ftofile Repeatability 
Ak»t-track O/erUp/Underlap 
Swath Width 
Radiunetnc Resolution 
Bands 1 to 5,7 
Band 6 

Absolute Radiometric Accuracy 

Band-co-Pmti Radiometric Precision 

Channel-to-Giannel Radiometric Precision 

Srectnl Coverafe 

Sirial-Quantization Levels 

Date Rate 

Weight 

Power 

Envelope 


0J5 at 30 m 
0J5 at 120 m 

< 6 m 

< 6 m 
<6m 
185 km 


0.5 to 2.4% noise-equivalent reflectance (NEp) 

0.5 noise-equivalent temperature difference (NETD) 
10 % 

2 % 

^ ims noise 

4 

0.4S to 12.5 m 
256 

84.9 Mbps 
<243 kg 
<300 W 

0.6 by 1.1 by 2.0 m 
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Aiicnft moiti^peetiai icamwr dttt h«v« nqainA «xtnMi prorwring to ipi^ximate the 
Vectnl, vetial, nd radkxnetric chcncterittici ot TM data and to co m pensate for mdkNnetric 
and geometric diatortions inhennt in aircraft scanner data. Commonly ^lied piocesang stq»s 
include: averaging data from narrow spectral bands to simulate TM spectral bands; adhisting data 
for the ladknnetric efCscts of the wide scan angles employed by aircraft scanners; ^ati^ degrad- 
ing data to the TM ressdutkms by various meriiods induding the use of filters vidioee Modulation 
Transfer Functions (MTFs) match 4he MTFs of the TM; geometrically adjusting the data to remove 
distortions caused by wide scan ai^es and to roister the data to cartographic lefbrence qrstems; 
transforming calibrated data to simulate TM radiometric response; and adding noise to approxi- 
mate the radiometric sensitivity of each TM H>ectral band. Examples of rigorous appUcatkms of 
these processing steps are provided by Morgenstem, et. al. (1976, 1977), by Landgrebe, et. al. 
(1977), and by Irons and Labovitz (1982). 

METHODS OF EVALUATING INFORMATION EXTRACTTED FROM SIMULATED TM DATA 

A fie<{uentty used approach to the evaluation of potential TM utility was to classify simulated 
TM digital image data into land cover categories. The evaluation: v^ere then baaed on classification 
accuracies or the accuracies of area mensurations for the various categories. Classification accur- 
acies were usually expressed as the ratio of correctly classified pixels to the total number of pixels 
in an image. Often, only pure pixels (i.e., pixels which did not fall on the boundary between two 
categories) were comidered. In some cases, rrutrices were produced which di^layed omissimi and 
cmnmission errors by category. 

Several indices of mensuration accuracy can be found in the literature. For instance, the 
root-mean-square (nns) error of category proportion estimates is a useftil indice described by Swain 
(1977): r ff 

Z, (P.-r,)’ 
rms « 1*1 

N 

m 








wlmB 

N ■ Number of cateforiet in the inu|e; 

■ Proportion of pixdt damified as catofoiy i in the hnaie; 

T| ■ True pfopoctkm of tfw study area covered by catefoiy i. 

Frequently, the damificetion and mensuration accuracies obtained by the analysis of simulated 
TM data were compared to restdts derived from the analyses of spatially or radkxnetrically de- 
inded data in order to evahiale the effect of spatial or radiometric resdutioo on infbnnatkm ex> 
tracted from digital image data. 


LITERATURE REVIEW 

Several of the Landsat-^ design studies and advisory grot 4 >s reviewed research literature per* 
reining to Jie determination of optimum sensor characteristics for various applications, particularly 
tile remote sensing of vegetation (NASA, 1973; Hamage and Landgrebe, 1975; Application Survey 
(koup, 1976; (X)RSPERS, 1976). This body of literature will not be revisited here. This paper 
dtes literature published affer 1975 which specifically addresses the anticqiated perfcnmance or 
potential utility of the TM by way of the analysis of simulated TM data. Thus, the research sum* 
mariaed herein was conducted after tile configuration of the TM was tentatively established and 
the characteristics of TM data could be anticipated. 

Many of the pqiers cited herein compare results obtained with simulated TM data to results 
obtained with actual or simulated MSS data. The mryor differences expected between the MSS 
and the TM are: (1) the number, location, and width of the spectral bands; (2) the spatial resolu- 
tion; (3) the radionietric sensitivity; and (4) the number of quantizatimi levels. Some investigations 
considered the individual effect of a sin|k TM characteristic while other studies have addressed 
the collective impact of all the TM improvements. Considered together, the investigstions provide 
usefrU insight to the probable advantages and limitations of TM data for agricultural, forestry, and 
land cover mapping applications. 
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Airiculture 


Due to the impetus of the iatentBncy progran for Agcicultuie and Retouice Inventory Sur* 
veys Throu^ Aerospace Remote Sensing (AgRISTARS), a significant portion of the research con- 
ducted wiih simulated Til data has been directed towards agricultural applicaticns. A major 
AgRISTARS objective is to investiiate and evaluate file indication (rf Til data to the acquisition 
of accurate mensuration statistics fw major trade crops (wheat, com, soybeans, race, bailey, sor> 
ghum) on a worldwide basis duoughout the growing season. Ihe crop mensuration tadc served as 
a major justification for die hnpionentatkm of improved spatial, spectral, and radiometric lesolu- 
tions into the TM design. 

To assess dm impact of the improved resotutions on the imaging of an agricultural scene, 
spectro m eter data were used in coigunction widi aerial photography to synthesize simulated TM 
digital image data (Badhwar, et al., 1981). The qiatial configuration of an agricultural area in 
Kingdiuiy County, South Dakota, was described by drawing field boundaries on an overlay of an 
aerial jdiotograph. The field boundaries were digitized, and the crt^ within each field was iden- 
tified during on-site inspection s . The digitized representation of the scene was converted to a grid 
cell fmmat where each cell was equivalent in area to a TM pixel. For each grid cell, a TM response 
value for each of the six visible or reflective infrared bands was estimated on the basis of Field 
Spectrometer System (FSS) data acquired over the ^ipropriate crop qiecies. 

To estimate the multivariate statistical distributions of TM data, FSS data were acquired at 
several locations for each crop. The FSS data were expressed as percent reflectance within narrow 
spectral bands and were converted to radiance values using estimates of incident solar radiation 
obtained from Thekaehara, et. al., (1974). The radiance values were then integrated over the TM 
spectral bands and transformed to TM digital response values using predict specifications of sen- 
sor response for each TM band. At each grid cell in the image, the reqionse value for each TM 
band was generated using a uniform random number generator and the estimated response value 
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dimibutioa for tiM crop i n di ctt td to «xiit H tiM by tte pound l ofwo nc u dtts. Tldi prootd* 
ttxt ruulted in a digital Lnuge aimulatiBg TM data acquirad in July ovtr an apicultuial am given 
a aolar ztnith angle of leio tegiees and an abaenea of atnKMpheik tffeeH. EffiMts are continuing 
to inc o rporate eflbcts of atmoapheie. temporal changet, and different aolar zenidi anglea into the 
aiinulation. 

ntta and Badhwar (1980) examined the advantages of TM*s finer spatial resolution by deiiv> 
ing length, width, and area distiibutioas for agricultural fields in the U.S. Gmt Plaiiis and Com 
Beh. Reid die diattibutions were determined for several crops (c(»n, wheat, soybeans, grass) and 
used in conjunction with a the or etical modd to estimate the proportion of pure pixels (i^., pixels 
edildi do not overiap fidd boundaries and thus represent a sinile cover type per idxd) within an 
agtacultunl scene as a ftinction of spatid resolution (Figure 1 ). On tiie basis of tiie authon* e$ti> 
mate, ipproximately 40 percent of the 80 meter Landsat MSS pixeb fiom an apxultuid scene 
within the Great Plains or Com Belt can be expected to be pure. The 30 meter resolution of TM 
will increase the expected proportion of pure pixels to 7S percent. Since mixed pixels (i.e., pixeb 
which overlap field boundaries and thus integrate energy reflected from more than one cover type 
per pixd) confound data classification and area mensuration, increases in classificaticn and men* 
suration accuracies were anticipated from the use of TM data. 

The suitability of the first four TM ^rntral bands (TM1-TM4) for the sensing of vegetative 
parameters was addressed by Tucker (1978). The placement of the TM bands was compared to 
the placement of spectral bands on several proposed or (grating qpacebome senson: the Landsat 
MSS, the Return Beam Vidkon (RBV) of Landsat 1 and 2, the three band sensor of the French 
tystenu Probatoire d*Obeervation de la Verre (SPOT), and a three band system proposed by Colvo* 
coresaes (1977). Narrow band (O.OOS Mm) vectrometer data within the 0J50^o>1.000 pm wave* 
length interval were acquired over field plots of blue grama grass on two occasions; September. 
1971 and June, 1972. The total wet, total dry, dry green, and dry brown biomass, the leaf water 
content, and the total chlorophyll content of each plot were determined by destructive laboratory 
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Fifure 1 . Piopoitkm of a Crop in Pure Pixeb as a Function 
of Senarnr Resolution for tiie U.S. Great Plains 
(Pitts and Badhwar. 1980). 

methods after each occasicm. Ihe q>ectrometer data were integrated over the appropriate intervals 
to simulate the qrectral bands of the sensors under consideration. The integrated data were trans- 
formed from reflectance values to radiance values by multiplication with a solar irradiance ftinc* 
tion, and the data were ftirtfaer modified by passing the radiance values throu^ a model atmos- 
phere to the appropriate sensor altitudes. The utility of the spectral bands were then compared by 
predicting each vegetative parameter as a ftinchon of the data for each band using regression anal- 
yses. On the basis of these analyses (Table 5), Tucker concluded that the first four TM bands 
are well suited for the sensing of vegetation. 

Ihe September spectrometer data for the blue grama grass plots were also applied to an eval- 
uation of the number of quantization levels required to monitor vegetative parameters (Tucker. 
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Ttbte S. CoefAetent ot Determlnattoii (i^) VakMs Rwultint from tht Ripomkm 
B B tww n hteintwl Radiance and dw Canopy VaiiaMei (l\idcer. 1978). 
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(b) September Data 
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RBVl 

04754)475 

041 

048 

0.41 

041 

0.10 

0.25 

RBV2 

04804)480 

0.40 

048 

044 

044 

047 

043 

RBV3 

04904)400 

048 

041 

041 

043 

049 

049 

MSS4 

04004)400 

045 

042 

047 

0.16 

047 

040 

MSSS 

040043.700 

049 

048 

045 

0.23 

0.06 

043 

MSS6 

07004)400 

043 

045 

048 

0.47 

040 

0.44 

MSS 7* 

0400-UOO 

— 

— 

— 

— 

— 

— - 

TM 1 

04504)420 

046 

044 

049 

0.41 

0.19 

0.45 

1M2 

04204)400 

0.22 

040 

043 

0.14 

0.06 

0.18 

1M3 

04304)490 

043 

0.25 

0.70 

041 

047 

046 

TM4* 

076043.900 

— 

— 

— 

■— 

— 

— 

SPOTl 

0404)49 

045 

0.17 

045 

042 

0.08 

040 
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0414)49 

042 

0.24 

048 
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04? 

045 
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07943.90 

— 

— 

— 

— 

— 

— 
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04704)470 

043 

043 

046 

040 

0.11 

046 
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047 

0.22 

042 

045 
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042 
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0760*1.050 
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— 

— 
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1980). Tht reftocttnce dtti tmt inteintad over the qpectnl bendwklti» TM3 and TM4, am- 
verted to radiance values, and passed throttiii die model atmo^ihere to die 70S kiioiueter TM al- 
dtude. The radiance values were then quantized to 16, 32, 64, 128, 256, and S12 levels using 
the ^wcified saturation radiai^ values for TM3 and TM4 to define the quantization ftmctixMis. 
For each number of the levels, the quantized data for each TM band and for two band ratios 
(TM4/TM3 and the nMmalized difference, TM4-TM3/TM4^TM3) were individually regressed 
against leaf water content from die giasa plots. On the basis of regression results (TaUe 6), 'Dic- 
ker concluded dut either 128 or 2S6 quantization levels should be used fw die orbital monitw^ 
ing of leaf water content. 


TaUe 6. Coefficients of Detennination (r^) Values Resulting from the Regressirm 
Between the Spectral Variables for Five Solar Zenith An^ and Leaf 
Water Content for the September 1971 Data (Tucker, 1980). 

Solar Munber of quMtUag lersls Radiances 

Spectid zenith anile ' - — ... — - — . at Input 


Ttiiabk 

(degrees) 

16 

32 

64 

128 

256 

512 

706 km 

reflectances 

1M3 

S4.2 

043 

0.77 

047 

0.99 

140 

140 

140 

140 

TM3 

4027 

048 

0.91 

0.98 

0.99 

1.00 

1.00 

1.00 

1.00 

1M3 

34.62 

043 

0.91 

0.98 

0.99 

140 

1.00 

1.00 

140 

1M3 

27.68 

0.76 

0.92 

0.99 

0.99 

1.00 

1.00 

1.00 

140 

1M3 

17.65 

047 

0.94 

a98 

0.99 

1.00 

1.00 

1.00 

1.00 

1M4 

54.2 

a76 

041 

a97 

0.99 

1.00 

1.00 

1.00 

1.00 

1M4 

40.27 

0.70 

a9i 

a98 

0.99 

140 

140 

1.00 

140 

1M4 

34.62 

a76 

0.94 

0.98 

0.99 

1.00 

1.00 

1.00 

1.00 

1M4 

27.68 

046 

0.93 

0.98 

0.99 

1.00 

140 

1.00 

1.00 

TM4 

17.65 

0.66 

0.92 

0.99 

1.00 

1.00 

1.00 

1.00 

1.00 

ND 

54.2 

040 

0.90 

a98 

0.99 

1.00 

1.00 

140 

140 

ND 

40.77 

0.74 

0.96 

0.98 

1.00 

1.00 

140 

1.00 

1.00 

ND 

34.62 

0.91 

0.93 

0.99 

1.00 

140 

1.00 

1.00 

1.00 

ND 

77j66 

0.91 

0.95 

0.99 

1.00 

140 

1.00 

1.00 

1.00 

ND 

1745 

048 

0.98 

0.99 

1.00 

1.00 

1.00 

140 

1.00 

Ratio 

54.2 

a8i 

049 

a96 

0.98 

0.98 

0.98 

0.98 

048 

Ratio 

40.27 

0.73 

0.94 

0.96 

0.98 

048 

0.98 

0.98 

0.98 

Ratio 

3442 

0.90 

0.95 

0.97 

0.98 

048 

0.98 

0.98 

048 

Rath) 

2748 

043 

a9i 

0.98 

0.98 

0.98 

0.98 

0.98 

0.98 

Ratio 

1745 

0.70 

0.97 

a98 

0.98 

0.98 

048 

048 

048 



Hm TM middlt i nfti e d tandt (TM5 ind TM7) not UMd by Ttidcer (1978 and 1980) were 
induded with bands 1143 and TM4 in a compariaon of band ratioa by Ungar and Bradley (1981 ). 
Data were acquired by the previomly mentioned Reid Spectrometer Syitem over winter wheat 
fieldf in Finney County, Kanaai during the 1974/75 growing aeaaon. These narrow4)and data 
were also integrated over MSS and TM bandwiddu, and atmospheric effects were simulated. The 
investigates then tradced the development of the wheat using die fdlowing band ratios: MSS7/ 
MSSS, TM4/TM3, TM4/TMS. and TM4/1M7. The MSS7/MSSS and TM4/TM3 ratios contrasted 
hidi wheat canopy reflectance in the near-infrared due to leaf structure with low visible-ied reflec- 
tance caused by chlorophyll absorption. Since leaf structure and chlorophyll content vary as a 
plarit grows, the MSS7/MSSS ratio has often been used as an index of vegetational develt^ment. 
Ihigar and Bradley found die TM4/TM3 was highly correlated (0.99) with the MSS7/MSS5 ratio. 
Thus, the TM4/TM3 ratio was useftil as a development index, but the authors concluded that the 
TM4/TM3 ratio offered no clear advantage over the MSS7/MSSS ratio. The TM4/TM5 and TM4/ 
TM7 ratios also proved useftil for tracking wheat development because energy within the middle- 
infrared bands (TMS and TM7) was absorbed by leaf water content and water content also varies 
as a plant develops. Again, the authors concluded that the ratios of data from TM bands demon- 
strated no improvements as development indices when compared to data ratios for the MSS bands. 
The fact that Ungar and Bradley (1981) addressed only the ^ctral resolutions of the TM and 
MSS and did not considered the effects of TM*s improved qiatial and radiometric resolutions on 
develc^ment indices bears emphasis here. 

The information content of reflectance data from all six of the TM reflective spectral bands 
was considered by Staenz, et. ai. (1980). Field reflectance data were gathered with a narrow-band 
spectrometer for nine crops and bare sand^oam soil. The spectra were collected for a range of 
instrument view angles (zero to 30 degrees from nadir), solar elevations, solar and viewing azimuths, 
and crop development stages. The data were integrated over the appropriate bandwklths to esti- 
mate reflectance within the TM bands, and then correlations betvireen data for each possible pair 
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ot TM buidi were determtaed. Hie date for die three virible bemls were hi|hly coneleted (TMl, 
TM2. TM3) for all crop and sidl vectn, while the near-infrared data (TM4) were not well corre- 
lated with any other reflectance data. Data for the two middle^nfrared bands (TMS and TM7) 
were correlated to each odier, but did not relate well to data from any of the other bands. Cor- 
relations amongst the visible band data were attributed to leaf pigment absorption, ediile the rela- 
tion between TMS and TM7 data was attributed to water abeorptimi. Hie authors suggested that 
one band flom each portion of the Riectrum under consideration (i.e., visible, near-infirared, and 
middle-infrared) could be chosen as a fint step in feature selection during the analyses of actual 
TM data. 

A group of related studies conducted by Morgenstem, et. al. (1976, 1977), General Electric 
(1977), and Swain (1980) investigated the potential impact of several TM characteristics on agri- 
cultural applications. All of these studies utilized aircraft multispectral scanner data collected for 
the 1971 Com Bli^t Watch Experiment (MacDonald et. al., 1972). The data were acquired by 
the Environmental Research Institute of Michigan’s (ERIM) 12-chaimel M-7 scanner over two In- 
diana locatimis on three occasions during the 1971 growing season. The predominant ground 
cover types in the areas were com, soybeans, and forest. 

Morgenstem, et. al. (1976, 1977) rigorously processed the data to simulate the spectral, q^at- 
ial, and radiometric characteristics of TM data and assessed the impact of varying several TM para- 
meters on crop discrimination. Results were evaluated in terms of both probability of misclassify- 
ing pure pixels and area mensuration errors. Each of three parameters (spatial resolution, radio- 
metric sensitivity, and qwctral band placement) were varied while the other two parameters were 
held constant to TM specifications. The researchen found pure pixel classification accuracies to 
be independent of spatial resolution, but observed a decrease of area mensuration accuracy as spat- 
ial resolution was degraded (Figure 2). In particular, incieasing the spatial resolution of the ther- 
mal channel (TM6) from 30 meters to the 1 20 meter TM specification while holding the resolution 
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Figure 2 


30 40 60 00 70 00 00 

RMolutlon (Met m ) 

R-<1- Z |pi-nh • 

i-r 

P| • Proportion of Pixels CMfiod as Catngory i 
^ ■ True Proportion of Category i 

. Mensuntion Accuracy Versus Resolution (Morgenstem et. al.. 1976). 
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of tlw otlMr btndi tt 30 inttin lignilkMitty dtcvMMd mtmunti(» accuracy. TImw fMulti ware 
attributed to an increaae in mixed pixels as q>stial resolution was coaieened. For die other analy- 
ses, the resotudon of the diermal data was left at 30 meters. 

Morfenstern, et. el. (1976, 1977) did report a decrease in expected pure pixel classillcatkm 
accuracies iriien the radiometric sensithrity of the data was detraded from TM ipecificationi by 
die addition of random ndse (ngure 3). Hie impact of sensitivity degradation was most severe 
for data acquired early in the growing seasmi when the msjor classes, com and soybeans, were 
Vectrally dmilar. 

V^th the redimnetric sensitivity held constant, Moigenstem, et. al. (1976, 1977) regarded the 
TM spectral bands u effective as the six (^timum original M>7 scanner ^lectral bands for class 
discrimination. This condusion was based on average pairwise probabilities of misclassiflcation for 
an pairs of dissimilar dasses. TM3 (0.63-0.69 /im) was considered the most important band for 
discriminating between Might levels of com. 

The results obtained by Morgenstem, et. al. (1976, 1977) were used in the support of the 
General Electric Company (1977) Sigma Squared study. The objective of the Sigma Squared study 
was to evaluate the performance of remote sensing systems for global agricultural crop production 
forecasting. The study compared an MSS-based system to a theoretical system based on TM data. 
The measure of performance was the coefficient of variation of forecast error as a function of time 
The evaluation assumed the use of a methodology developed by the Large Area Crop Inventory 
Experiment (LACIE) for global wheat production forecasting (MacDonald, 1976). 

The Sigma Squared study identified three sources of error in the LACIE metiiodology: crop 
classification, yield estimation, and sampling. A theoretical model simulated the impact of TM 
data on wheat and com classification within several countries, and the theoretical simulations were 
compared to the empirical results obtained by Morgenstem et. al. (1976, 1977) for validation. 
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OaMificatloa tnon w«i« dwB aHvqpttd witfi indtpmdtnt nron in ykki »ttlmatton tad Mmptet 
to pndfct the ooefBcienti of vaiietk» for toe totel crop productton fonceit erroie. IM deti oen- 
enily reduced the coeffidents of variatkm ot 'oneed enor when compered to predicted reeulti 
from e f o re ce eti ng syetm beeed on MSS dete. The predcted reeults for wheat production fore- 
ceete hi dm ttaited Statae are diown in Table 7. 


Tabie 7. Predicted Production Forecast Erron for U.S. Wheat 
(General Electric, 1977). 


" - - — 

JAN 

22 

22J 
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102 


242 
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1 

■ 

1 
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YlEli) ERROR 
CV 

■ 

84 

7.12 

544 

446 


24 

■ 

1 

1 

1 


CLASSIF. ERROR 

CVe 

C3H 

1.71 

m 

1.70 

m 

m 

1.70 




1.93 

1.76 

1.72 

ban 

■a 

Mil 

45 

45 

45 

45 




M 

48 

46 

miQgigi 

B 

8J1 

841 

749 

641 

5.27 

PM 

i 

341 

■ 

1 

8.92 

844 

842 

TOTAL ERROR. 

TM 

8j69 

8j69 

745 

6.24 


m 

i 

n 

■ 

1 

8.76 

8.70 

8j69 


TABU ENTRIES ARE COEFFICIENT OF VARIATION EXPRESSED IN PERCENTAGE DATA PREPARED 
IS NOVEMBER 1976. 


The simulated TM data from the Com Watch ExiH /hnent were used by Swain (1980) 

to investifste the sffects of pixel misiegittration. The non<ooted detectors of the visible and 

nesHnfrared spectral bands (TM1-TM4) and the cooled detectors of the middle* and thermal- 

infrared bands (TMS-TM7) are located on physically separate focal planes in the TM. The separa- 
« 

tion creates a potential for band-to4>and spatial misretistration, and Swain investigated the impact 
of misragistrition on the classifkation of the simulated TM data. The data corresponding to TM 
bands 3, 4, 6, and 7 at a 30 meter qiatial resolution were clasa<fied into three categories: com. 
soybeans, or “other.'* Qassiflcation wu repeated for data sets with varying levels of misregistra- 
tion (no misregistration to three pixel along-track misregistration) between the non<ooled detector 
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btndi (Tlf3 md TM4) utd tin oooM (totector binds (TM6 and TM7). The cimificatioa •ccu^ 
ary witii raipect to pure pixels within test fields was then determined. Accuracy fenerilly de« 
cieaeed with increeriin miir^istration (Riuie 4). For example, the clsssiflcation accuracy for 
soybeans decreased 1 1 percent for a data set with OJ pixel misregistration when compared to a 


rsfistsied data set 


1 

i 

I 



1 1 1 1 1 

-3 -2 -1 O'*’*®*’® +1 ♦2 +3 

Misregistration (Pixeli) 

Figure 4. Oassificstion Accuracy Versus Misregistration (Swain, 19EL;. 


Swain (1980) also ccnsideied the 120 meter resolution of the TM thermal band. Using spat- 
ially registered data from the research discussed above, Swain classified three data sets: one set 
ctHuisted of 30 meter resolution data for TM bands 3, 4, 6, and 7; the thermal data (TM6) were 
degraded to a 120 meter resolution for the second set; and the thermal data were excluded from 
the third data set. Talle 8 summarizes the classification accuracies for pure pixels within test 
fieius. n this expe«lment, the inclusion of coarse resolution thermal data significantly impaired 
wspabili es for discriminating com. 

Aircraft scanner data collected over several othe.* agricultural areas have also been used to 
simulate TM data. Landgrebe, et. al. (1977) acquired data with a 24-channel multispectral scanner 
on July 6, 1975 over Finney County. Kansas and on August IS, 1975 over Williams County, North 
Dakota. Thirty-six distinct data sets were derived from the original two data sets by spatially de- 
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indini Um data to four iMohitkNii (30, 40. 50. and 60 mttari) «ul by adding eliiit dtfforent 
levala of randcun noiie to the data at two gpatial naoiutioaa (30 and 40 BMteis). The data were 
otherwiae procetaed to simulate the Hi gjiectral reaolutlooa, and the qpatiai teaolution of the 
thermal infnued band (Tlf6) was left at 120 meten for all of Om derived data aeti. The data 
widUn each aet were dien damified into crop categoriea using a nipeivlaed training approadi and 
a per pixel maximum<4ikeUhood clanification algorithm. As the spatial lesdution of die data 
gnw more coarse, the classification accuracy of pure pixels increased sl^dy wfafle mensuration 
accuracy decreased significandy. The Increase in classification accuracy was attributed to hl^r 
sittial>to«oiae ratios at coarse resotudoiis, and the reduction in mensuration accuracy was attri* 
buted to the increase in boundary pixels. At a constant spatial resolution, the degradation 
radiometric sensitivity by ndse addition significantly impaired classification performance. 


Table 8. Comparison of Classifications With and Without Thermal Band - No 
Misp^tratimi (Swain, 1980). 

Test-Field Accuracy (Percent) 


^pectni Bands 

Com 

Soybeans 

Other 

Overall 

4 oands, 30 m thermal 

91.9 

97.6 

92.4 

93.4 

4 bands, 120 thermal 

56. 1 

96.3 

94.2 

72J 

3 bands (no thermal) 

87J 

95.6 

84J 

88.8 

Number of Pixels 

4355 

1816 

1251 

7422 


Landgrebe et. al. (1977) also considered the effect of using a different classification algorithm 
called ECHO (Kettig and Landgrebe, 1975). This algorithm employs a homogeneity criterion to 
merge adjacent pixels into windows and a likelihood ratio to annex windows into fields. Each 
field is then ciassified on the basis of the spectral properties of the entire field of pixels. The use 
of the ECHO classifier diminished the impact of adding noise to the data (Figure 5). APPuently, 
the use of information from multq>ie pixels somewhat offset the loss of radiometric sensitivity. 
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Figure S. Gassification Accuracy Versus Added Noise Using a Multiple* 
Pixel (ECHO) Gassifier or a Per Pixel Maximum-Likelihood 
Classifier (Landgrebe et. al., 1977). 


Sigman and Gaig (1981) analyzed NSOOl-MS airc'aft scanner data acquired over Knox and 
Lewis Counties, Missouri on September 9, 1979. Eight distinct digital images were derived from 
the raw data by creating all possible combinations of three data parameters given two levels for 
each parameter: number of spectral bands (four or seven); spatial resolution (30 meten or 60 
meters); and quantization (six bits or eight bits). The digital image consisting of seven bands, 30 
meter resolution, and eight bits (256 quantization levels) simulated TM data. The four band, 60 
meter, six bit image rou^y approximated Landsat MSS data. Each digital image was then classi- 
fied in order to mensurate the acreage planted in com, soybeans, and forest within eleven 130 
hectare sites in the two countv area. Three factor analysis of variance was used to compare the 
accuracy of the acreage estimates from the eight digital images. On the basis of the analysis, the 
use of the simulated TM data slightly improved area mensuration accuracy for soybeans and forest 
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and rignificantly incieaaed the com area acctiracy when compared to acnage estimatea derived 
from tiw simulated MSS data. The improvements were attributed primarfly to the interactkm be- 
tween tile additional qiectial bands and finer spatial leaolutkm of the TM. 

Simulated TM data have also been collected for Canadian agricultural scenes. An 1 1-channel 
aircraft scanner was fiown over a site in Saskatchewan cmitaining quartereection (64 hectare) and 
larger fields of wheat, rapeseed, barley, peas, flax, and bare sofl during July, 1979 (Ahem et. M., 
1980). The data were processed to simulate botii TM and MSS data. The effects of varying the 
mimber of quantization levels and the spatial resolution on classification accuracy were then stud- 
ied. Fot botii TM and MSS qiectral bmds, classification accuracies were decreased whmi tiie data 
were reduced from 256 to 64 quantizaticm levels. The degradation of spatial resolution from 30 
meten to 80 meters, however, resulted in an increase in classification accuracies. The improved 
dassifications were attributed to a reduction of within class spectral heterogeneity at coarser res- 
olutions. 

Bfedian filters were applied to the 30 meter simulated TM data to reduce within class data 
variability while maintaining the distinct boundaries depicted in the fine resolution data (Ahem 
et al., 1980). Visual inspection of imagery derived from filtered data confirmed the preservation 
of clear boundaries. The classification of filtered data (3X3 filter) resulted in a 3.4 percent im- 
provement in accuracy when cmnpared to the classification of unfiltered simulated TM data and 
a 6.9 percent improvement when compared to results obtained with simulated MSS data. 

Forestry 

Landsat MSS data have been successfully q>plied to the inventory and monitoring of forest 
resources, but such applications have been limited by the spatial, spectral, and radiometric resolu- 
tions of MSS data. Williams and Stauffer (1979) reviewed research literature which documented 
requirements for hi^er resolution data in forest applications. Several additional investigations have 
specifically addressed the potential ability of the high-resolution TM to provide data containing in- 
formation of adequate detail for these applications. 
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SidowdEi and Sano (1976) examinad die influence of Vidal reaolution on the identification 
of foteat catefoiiet at levels of detafl app ro pria te to both lai|e scale surveys and detailed local 
inventofies. Features of die Sam Houston National Forest in eastern Texas were cateforized into 
a four levd hierarchy where catetory detail increased at each successive level. Data actpiired by 
die Modular Multiapectral Scanner (M^S) at an altitude of 610 meten over the Forest on Novem* 
ber 20, 1974 were then analyzed. The data were processed to six v*dal resolutions (2, 4, 8, 16, 
32 and 64 meters), and all 1 1 channels, sivervised training, and a linear decision rule were vpll^d 
to die classification of the data at each resolution into the categories of each hierarchical level. 
Si^ud-tOHioise ratios were maintained at a constant level by adding nndom n<^ as the resolutkm 
was degraded. Classification was also repeated for the 32 meter and 64 meter data using only 
five data diannels which had spectral resolutions approximating TM bands (TMl to TM4 and TM6, 
die diennal band). Classification accuracy generally increased as die vadel resolution was de- 
graded to 32 meters (Figure 6). At a constant vedal resolution, die general categories were more 
accurately identified dian die detailed categories of the hierarchy. The use of only five data chan- 
nels resulted in lower classification accuracies. 



Figure 6. Gassification Accuracy Versus Spatial Resolution for Forest Categories of a Detailed 
Local Survey (Sadowski and Samo. 1976). 
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Alratft teaniwr dati coil»et«d ovw an aim ^ louth of Oundan, South Carolina ware uaed 
to aalaet the opthnum sublet of TM spectral bands for forest cover type identifieation by Latty 
and Hoffer (1^0). The NS0014IS scanner was flown over tin area <m April 2, 1979 at 6000 
meters and the resulting data were processed to Emulate TM data. Data were then extracted 
ftom training areas representing flu fottowing cover types: soil, pasture, row mid cereal crops, 
pine forest. jdne<hardwood mix, oM hardwood, second growth hardwood, water tupelo, sycmnore, 
deercut areas, marsh vegetation, and water. All possible combinations of TM spectral bands were 
anMysed to determine foe most uaeflil number and combination of bends for discriminating be- 
tvwen these cover types. For each band combination, foe average transformed divergence measure 
of foe statistic^ distance between all pairs of cover types was computed. On the basis of the di- 
vergences, four bends, TMl, TM3, TM4, and TMS, were chosen as the most usefol subset of bands. 

An evaluation of the effect of simulated special resolution was also conducted with the data 
obtained over the Camden, Soufo Carolina area. Simulated ^atial resolutkms of 30 meters, 45 
meters, and 604)y-7S meters were computed from the original IS meter data. Latty and Hoffer 
(1981) found (hat the overall classifkation accuracy of pure pixels increased as foe spatial resolu- 
tion grew coarser when using a per pixel maximum-likelihood dassifler. This trend ws« not ob- 
served for ail cover classes w len assessed individually for each cover dass. The differences in 
classification accuracy achieved with each ^atial resolution were significant only for pine-hardwood 
mix, old-age hardwood, dear-cut, second growth hardwood, and pine. The decrease in classification 
accuracy achieved with foe finer spatial resolution was attributed to foe increased level of variation 
in ^ectral response level across adjacent areas within foe cover class. The data vrere ledassified 
with the previously discussed ECHO classifier which utilizes foe spectral information from .multiple 
pixeb for classification (Kettig and Landgrebe, 1975). Higher overall classification accuracies were 
achieved with foe ECHO classifier (94.1% training and 75.0% test) than were achieved with foe 
maximum-likelihood per pixel classifier (89.3% training and 7 1 .0% test) using data at foe 30 meter 
spatial resolution. 
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The Mlection of opttaum TM bends for fonst danificttfoA and the kkntiHeation of 
•ociM at difibient leveb of detafl weie both addmied by Dotlavio and Wttiams (1981). NSQ014ifS 
data weie ac<|uiied over a forest plantation in Nordi Carolina on June 14, 1979. Only five of the 
data channels (Till to TIIS) were operatini during the overfli^t, md these data were prooeased 
for TM data simulatkMi. The processed data were then dassified into seven forest categories (dear* 
cut, hardwood, mixed hardwood mid pine, and four developmental stages of pine) using an umaip* 
ervised training procedure and maximum4ikeiihood classifier. An overall classification accuracy of 
60 percent was obtained. Three spectral bands, TM2, TM4, and TMS, were thm chosen on the 
basis of a stepwise linear diacrimiiumt analysis as the most uaefol of the available bands for the 
identification of the seven categuies. dassificatkm was repeated using only the data from these 
diree bonds and a classification accuracy of 63 percent resulted. 

Landsat MSS data cdlected over the North CaroUna forest plantation on July 3, 1979 were 
also classified Into the seven forest categories. The resulting overall classification accuracy was 39 
percent. The seven categories were then grouped into four broader categories (clearcut, hardwoods, 
young pine, and mature pine) and both the MSS data end the foil complement of simulated TM 
data were ledassified. The overall classificatimi accuracy for the broad categories were comparable; 
77 percent accuracy resulted frmn the classification of simulated TM data and 71 percent accuracy 
was obtained via the analysis of the MSS data. 

Land Cover Mapping 

A wide variety of potential applications exist beyond agricultural and forestry for TM data. 
These other applications have not been as intensively investigated, bui enough woric has been done 
to indicate the potential verutility of TM data. Several diverse applications have been addressed 
by the analysis of simulated TM data. 

Both Qark and Bryan (1977) and Markham and Townshend (1981) studied the effect of 
spatial lesrrfution on the ability to identify land cover types using simulated TM digital image data. 
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Clark tad Bryan (1977) co mfc l iitd an urban arta in Lot Anaeka, California while Markham and 
Towmhend (1981) obaanrtd urban com in AnnapoUa, Maryland and aalt manhland in Dordietter 
County, Maryland. Two facton were identified which affect clanification accuracy as a function 
of initial raaolution. First, ind^mdent of sensor noise, die qiectral heterofeneity (variability) of 
data aaiociate d with a particular category often increased as resolution became finer. This increase 
was due to the resohring of category comptments (e.g., die leaves, branches, shadows, and the un* 
derstixy within a forest) which may have dhrerse spectral characteristics. The increase in spectral 
heteroge n e i ty caused oaeriap br tween categories in spectral data space and dius impaired per pixel 
classification into die cathodes. At coarser resolutions, the reflected energy was integrated over 
the category components and withincategory spectral variability was often reduced. The second 
factor affecting dassification accuracy was the increase in mixed pixels as spatial resdution was 
degraded. The increase in mixed pixels hindered classification at coarse resolutions because die 
sensor response at a mixed pixel resulted ftom the reflectances of more than one cover type. 

Qark and Bn^uit (1977) observed the impact of increasing ^lectral heterogeneity on the iden- 
tification of urban categories. Data acquired by a 24-channei airborne multispectral scanner on 
November 14, 1973 over Lot Angeles were spatially degraded to four resolutions (7.5, IS, 30, and 
60 meters), and data from spectral bands ^iproximating TM2, TM3, and TM4 were analyzed. 
Supervised training and a maximum^ikelihood classifier were used to classify the data. Cnassfica- 
tion accuracies few pure pixels decreased as resolution became finer. The difference in accuracies 
at die 30 meter resolution and at the 60 meter resolution, however, were small, and the investiga- 
ton considered the 30 meter resolution of TM suitable for die identification of urban categories. 

Markham and Townshend (1981) not only reported classification accuracies, but also quan- 
tified changes in qpectral heterogeneity and the proportion of pure pixels as ipatial resolution was 
varied. Data for qiectral bands approximating TM2, TM3, and TM4 were acquired by the airborne 
Modular Multispectral Scanner on April 10-11, 1980. The raw data were degraded to 10, 20, 40 
and 80 meter pixel sizes. At each resolution and for each spectral band, the variation and coeffic- 
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tent of vuiation of the data were determined within tnining areas reiwaauitinf urban and maiah* 
land categories. These values provided a quantitative measure of mrectral heterogeneity, and the 
rate of change of heterogeneity with coarsening resolution varied ccmsiderably between categories 
and between spectral bands for particular categories. In most cases, the ^>ectral variability of ur- 
ban categories declined more rapidly than did the variability of herbaceous categories as resolution 
was degraded. Also, as expected, the proportion of pure pixels in the data decreased as the reso- 
lution was coarsened. 

The effects of decreasing ^ectral heterogeneity while increasing the prt^rtkm of mixed 
pixels offttt each other with req>ect to overall classification accuracy. For the marshland, classifi- 
cation accuracies for the overall aggregate of pure and mixed pixels (the predomiitant category 
within a mixed pixel was considered the **correct” category) decreased only sli^tly as resolution 
was degraded; from 89 percent at S meters to 75 percent at 80 meters. The decrease was due 
mainly to an inability to recognize narrow features such as roads and streams at coarser resolutions. 
Accuracies for categories of greater areal extent (e.g., wetland, forest, grassland) remained nearly 
constant for all resolutions. 

The potential utility of TM data for coal surface mine inspections wu addressed by Irons, et. 
al. (1980). Landsat MSS data and NS0014IS data were acquired over Pennsylvania surface mines 
during 1979. The MSS data were found useful for surface mine inventory, but the spatial and 
q>ectral resolution of the data were insufficient for the recognition of ground cover conditions as- 
sociated with mines such as graded spoil, rough spoil, and revegetated spoil. These categories, 
however, were identified and accurately mensurated by the analysis of NSOOI-MS data processed 
fot TM data simulation (Table 9). Information at this level of detail is required to assess reclama- 
tion success and compliance with regulations. 
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I^ble 9. Am UummtiUM Aociuidit for Surfaot Mint Cttegorta (Irms et. al., 1980). 


Category 

Level II Level III 

Accuracy* of Am 
Measurement from 
TM Simulator Data 

Ground 

Refbrence 

(hectares) 

Barren 

0.9S 

776.8 

Graded 

0.89 

413.9 

Ungraded 

0.88 

362.9 

Revegetated 

0.93 

758.7 

Grass 

0.84 

380.0 

Trees 

0.71 

378.7 


*Accutacy ■ 1 - (MMCttitiBtBt.Grottad RifiiniiM/Giouad Riftnncv) 

CONCLUSIONS 


The TM is designed to increase the detail and accuracy of Earth resource information extrac* 
ted from the remotely acquired data of a ^acebome system. In comparison to the Landsat MSS, 
the enhanced information content is expected to result from the number, location, and width of 
the TM spectral bands, from the sensor’s improved radiometric sensitivity and resolution, and 
from the instrument’s finer spatial resolution. Investiiations conducted with simulated TM data 
have addressed the effects of the individual sensor characteristics as well as the collective impact 
of the overall instrument design on renewable resource applications. These studies provide insight 
to the potential utility of TM data. 

Extensive forethought was applied to the placement of the TM ^ectrai bands (Hamage and 
Landgrebe, 1 975). Data from various combinations of TM bands were found useftil for several 
applications. Radiometer data corresponding to the TM bands were found suitable for estimating 
v'vgetative parameters and for monitoring plant development. Digital image data for the TM bands 
were applied to the accurate discrimination of crop, forest, and various other land cover categories 
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Tht avaUabOity of apoctral bands firom aach major portion of tha raflactivc spactrum (visibla, 
naaHafrarad, and middla-infhuad) was shown to ba important by aavaial band selection studies. 
Thus, results of the ra ri ew a d invastiptions indicate that data for the TM pactrai bands wQl prove 
use Ad, and tha addition of the middle-infrared bands will be beneficial. 

Although data from the TM spectral bands have been shown to be valuable, extensive com- 
parisons have not been made with data frmn the MSS pectral bands for jamote sansini in the 
visible and near-infrared regions. In some studies, comparable results were obtained using data 
from eidier TM bands or MSS bands. In most other investigations, the effrcts of the TM*s q>ec- 
tral resolution were not isolated from the effbcts of other sensor characteristics. Analytical Justi- 
fications for the placement of the TM visible and near-infrared bands remain strong, but the ob- 
ssfvatkmal investigatioiu summarized here did not stron^y substantiate the advantages of the TM 
bend plaoenwnts relative to the MSS viiible and near infrared bands. 

The utility of the TM thermal band (TM6) has not received extensive considerstion. Ther* 
mal data offer several promisini cr^abiUties, but these capabilities were not exploited in the analyses 
of simulated TM data summarized here. Condusicms regarding the utility f file thermal band should 
be reser v ed untfl Anther investigations are conducted: 

The reviewed investigations conclusively demonstrated the value of improved radirnnetric sen- 
sitivity and resolution. The degradation of sensitivity by noise addition to simulated TM data con- 
sistantly reduced dassification accuracy. Similarly, the reduction of quantization levels below 
eight bits (256 levels) was shown to Impair b^th classification and the sensing of veptative para- 
meters. These results strengthen the justification for costs associated with the telemetry of ei^t 
bit data. 

The TM’i 30 mater spatial resolution will enable usen to locate and recognize smaller fields 
than can be identified using MSS data. The improved resolution should be of immediate benefit 
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to tho« appUcttiom nquiitat photointirpntition of pictorial Imipiy. Tha flatr motatkM. how* 
mr, pftMiitwl • dflemma to many iWMidim in thtir anaiyin ihnolated TM data. Tha 
flna raMdution ofter iacnaiad wkhhMlatt gMctial hataroganaity cttuing datt omiap In ^aetral 
data qpaoe and thus reduoad pure pixal claatificatton aecuraciea whan par pixd daiaillaft wait 
uaad. On tha otiier hand, tha finer raaohition raduoad the number of mixed pixela in a aoene 
tharaby improving ovarafi daaaificadon iod area menauration accuradea. Spectral heteropnaity 
and mixed pixel proportiona were fbund to be hidiiy dependent on the apecific aoene, application, 
and claaaes under conaideration. The ability to Identify amall fMda will be valuable, partlculaiiy 
In agrkulturBl appUeationa, but additional leaearch on claaaificatlon algorithma la required before 
fill! :vlvBntafe can be taken of the TM*a apatial reaolution by way of digital analyaea. 

The effecta of the individual aenaor characteriatica will not be iaolated when actual TM data 
are acquired. On the baais of the claaaificatici«: * f aimulated TM digital image data, the ,4)llective 
effect of the inatiument'a attributes will be an increase in the information content of TM data 
when compared to MSS data. Qaaaificttions of simulated TM data were invariaUy an improvement 
over results obtained by way of the analysis of actual or simulated MSS data when either overall 
damiflcation or area menauration accuracies were applied to the evaluation. Also, analysis of simu- 
lated TM data enabled the recognition of land cover and forest categories which could not be accur- 
ately identified with MSS data. 

The TM data cmresponding to a unit area will consist of nearly an order of magnitude more 
bitsof-data than the MSS data for the same unit of area. The increased data quantity will cause 
an increase in the expense of data telemetry, processing, and analyses. Vindication of these costs 
wifi require effective utilization of TM data. Analyses of simulated data have begun to indicate 
die potential utility and limitatioiu of the actual data. Perhaps mote importantly, the reviewed 
research has highlighted afreets of data analyses which require Anther research and develr^ment 
before AiU advantage can be taken of Thematic Mapper data. 
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RICOIOIENDATIONS 


TIm above conduskmi point to aieas of leeeaich which deieive ftirdier considefition. For 
initance, a nuifor hindenusoe to the uaa of TM data will be the data quantity per unit area on the 
ground, ttera will not want the expense and difficulty of p r oce nin g and analyzing a AiO comple* 
ment of data when a subset will suffice for a specific task. Since a lechiction of quantization lev* 
da has been shown to degrade results, a more promising approach to data quantity reduction is 
the selection of a subset of spectid bends. Several studies indicated d\at data from three or four 
TM bands are adequate for the recognition of forest cattgories. The selection of spectral bands 
for a variety of other tasks requires Anther cmisideration. 

TM thermd data also require fUrdier study. Research on thermd data applications has been 
widdy conducted, but few investigators have specifically addressed the potentid utility of TM 
thermd data. This utility may be limited by the c<mstant tiroe*of*day of die Landsat-0 overpass 
and by the giatid resolution of the theimd channel, but these limitations do not eliminate all 
potentid applications. Since theimd data qiplications may be quite distinct from reflective dats 
applications, the potentid utility of TM thermd data deserves Airther evduation. 

The development of methods to classify fine q>atid resolution data is important. Fine resolu- 
tion often reduced pure pixel classification accuracies when famfliar per-pixel classifiers were used 
in past studies. The extraction of features or the use of classifiers which take into account the 
spatid, texturd, and contexturd characteristics of the data are techniques which may improve the 
clasdfication of high resolution data. Development and evduation of these techniques will enable 
die effective exploitation of TM’s spatid resolution. 

Research on TM data utility needs to extend to a wider variety of applications. Past investi- 
ptions have focused primarily on agriculture and forestry. TM data, however, can potentially pro- 
vide vatusMe information for a wide rar je of Earth resource management issues. Applied research 
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iMttId b« condiictMl to •xttnd Til data utility to ludi tmaa ai land uaa md uibm plaaniiig* 
land capability anawntnt. soil mapping, snow mapping, and watenhad managamtnt. 

Ilia davalopmaat of Aituia aanaois can ba taeilitatad by additioiial laaaaidi on tha aflbet 
of each sMoaor pararaatar on infonnation content and utility. Sensor design invnhres tradeoffs 
between enginaering or coat limitations and spectnl, spatial, and radionietiie resolution dasaridata. 
Ihs l au n ch of Landaat-0 win afford m onMwtunity to obaarva tha aflbcts of upgrading tha MSS 
resolutions ro tha Ilf nsohitioQS. Resaareh is neaded to both iaolata tha aflbcts of each aanaor 
parameter improvement and to evaluate tha interactions between sensor attributes. 

Ihe launch of Iandsat*4> wfll be an important event f<w the remote sensing community. The 
Thematic Mapper ^oard Lai^t*D wfll be the first significant refinement of ^recabome aanson 
dedi ca t ed to Earth reioucoe observations sinee tha laundh of tha MSS aboard Landsat*! in 1972. 
Anaiyaes of simulatad HI d^ have demoostratad that the aanaor'i attributes will affect not only 
data utility, but also the manner in ediieh tha data are anatyzad and applied. Continued reaeardi 
will prepare the user community for eflbcthre utilization of tha data as soon as it becomes avail> 
able. 
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